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Abstract The objective of this study was to investigate
whether supplemental dietary arginine increases repro-
ductive performance in mice infected with porcine circo-
virus type2 (PCV2). A total of 50KM female mice were
allotted randomly to the arginine group (0.6% argi-
nine ? gestation diet) and control group (1.22% ala-
nine ? gestation diet). All the mice began to mate after
14 days of treatment with our prepared feed and challenged
with PCV2 at the dose of 100 TCID50 (50% tissue culture
infection dose, TCID50) after 7 days of pregnancy. Abor-
tion rate, litter number, litter birth weight, the daily weight
gain in the ﬁrst 7 days and survival rate in the ﬁrst 2 weeks
of the neonates were calculated. The serum progesterone,
estrogen, nitric oxide and superoxide dismutase (SOD)
activity and total antioxidant capacity (T-AOC) on the 14th
day of pregnancy were measured. Arginine supplementa-
tion decreased the abortion rate of pregnant mice and
mortality of neonates caused by PCV2 infection. Further,
litter number, litter birth weight and the daily weight gain
of neonates increased in the arginine group compared to the
control group. Arginine supplementation increased signif-
icantly the serum progesterone (P\0.01) and nitric oxide
levels (P\0.05), but had little effect on the serum estro-
gen level. SOD activity and T-AOC in the arginine group
were signiﬁcantly higher (P\0.01) than the control group.
In conclusion, arginine supplementation partially reversed
the reproductive failure in mice caused by PCV2 infection.
Keywords Arginine  Porcine circovirus  Progesterone 
Nitric oxide
Abbreviations
PCV2 Porcine circovirus type 2
SOD Superoxide dismutase activity
T-AOC Total antioxidant capacity
Introduction
Porcine circovirus diseases (PCVD) or porcine circovirus-
associated diseases (PCVAD) were responsible for signif-
icant economic losses to the swine industry worldwide.
Presently, porcine circovirus type 2 (PCV2) has been rec-
ognized as the essential infectious factor of PCVD or
PCVAD (Segales and Allan 2005). PCV2 had also been
associated with a range of other disorders of pigs including
respiratory as well as reproductive disorders, dermatitis and
nephropathy syndrome (PDNS) (Segales and Rosell 2004).
PCV2 infections were divided into pre- and post-natal
manifestations. In the former, PCV2 infection was linked
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kjaer-Mikkelsen and Nielsen 2001; O’Connor and Gauv-
reau 2001; Kim and Jung 2004).The main clinical signs of
affected sows included elevated abortion, stillbirths and
fetal mummiﬁcation. Other research also reported that
PCV2 could infect porcine embryos and foetuses (Johnson
and Joo 2002; Mateusen and Sanchez 2004; Mateusen and
Maes 2007) and even spread through intrauterine (Pensaert
and Sanchez 2004) and vertical transmission (Park and
Kim 2005; Rose and Blanchard 2007).
Arginine, a conditionally essential amino acid, was a sub-
strate for several non-proteins, nitrogen-containing com-
pounds(Kimetal. 2007; Tan etal. 2010and 2011).Research
indicated that arginine participated in the regeneration of
adenosine triphosphate, cell proliferation, vasodilatation,
neurotransmission, calcium release and ultimately immunity.
Arginine metabolism generated several functional com-
pounds, such as creatine, polyamines, agmatine and nitric
oxide(NO)(NievesandLangkamp-Henken2002;LiandYin
2007). NO played an important role in physiological events
(e.g., ovulation and placental growth) and in pathological
conditions (virus and bacteria infection) (Battegay 1995). In
addition, arginine stimulated the secretion of anterior hor-
monesandplacentallactogeninhumansandanimals,thereby
regulating the conceptus development (Flynn and Meininger
2002).Mateoreportedthatdietarysupplementationwith1.0%
arginine-HCl betweendays30and 114 ofgestationincreased
the number of live-born piglets by two and litter birth weight
by 24% (Mateo and Wu 2007).
We hypothesized that dietary arginine supplementation
could inverse the reproductive failure caused by PCV2 in
mice. Thus, the objective of this study was to determine
whether increasing dietary arginine intake in PCV2-infec-
ted mice improved reproductive performance.
Materials and methods
Animal and experimental protocol
Atotalof50KMfemalemicewithprimiparitywereobtained
from the Laboratory Animal Center of Central South Uni-
versity,Hunan,China. The mice were housed ina pathogen-
free mouse colony (temperature, 20–30C; relative humidity,
45–60%;lightingcycle,12h/day)andhadfreeaccesstofood
anddrinking water. Themice wererandomlyassigned tothe
arginine group (0.6% arginine ? gestation diet, n = 25) or
the control group (1.22% alanine ? gestation diet as iso-
nitrogenous,n = 25).Themicehadintakeoftheirparticular
feedafter3 daysofaccommodation.Further,theaminoacid
content in the gestation diet was measured using Automatic
Amino Acid Analyzer (AAAA). Mice started to mate on the
14th day after feeding on arginine. The observable pessus
was regarded as a prerequisite for judging the copulation.
Finally,19and18micematedsuccessfullyinargininegroup
and control group, respectively. All the mice were infected
withPCV2(100TCID50)onthe7thdayafterpregnancy,and
six mice from each group were killed to collect serum on the
14th day after pregnancy. All animal experiments were
performed according to the guidelines of the Laboratory
Animal Ethical Commission of the Chinese Academy of
Sciences (Fan et al. 2005).
Data collection
Abortion rate, litter number, litter birth weight and the
daily weight gain in mice in the ﬁrst 7 days and survival
rate in the ﬁrst 2 weeks of the neonates were calculated.
The progesterone and estrogen in the serum were measured
using enzyme-linked immunosorbent assay (ELISA) (CU-
SABIO BIOTECH CO.,LTD, China).NO level in the
serum was detected by the method of nitric acid reductase
(NJJCBIO.China). Total SOD activity and T-AOC in the
serum were determined using spectrophotometric kits at
550 nm (Nanjing Jiancheng Biotechnology Institute,
China) according to the manufacture’s instructions.
Data from the experiment was processed by Excel 2003
and analyzed by Statistic software SPSS16.0. The result was
expressed with mean ± standard error of the mean (SEM).
Results
Amino acid content in the gestation diet is shown in
Table 1. In the arginine group, two mice (total 13 mice)
had abortion; however, three mice in the control group
(total 12 mice) aborted (Fig. 1). Litter number increased in
the arginine supplementation group compared to the con-
trol group (Table 2). Moreover, dietary arginine supple-
mentation increased birth weight, but no statistical
signiﬁcance was found (P = 0.304) (Table 2).
Previous study found that the neonates could not growth
normally and the survival rate was very low (data not
shown) because of PCV2 infection.To judge the advantages
of arginine supplementation of the neonates, we calculated
the daily weight gain of neonates 7 days after birth. The
survival rate of neonates was also calculated 14 days after
birth. The result showed that arginine supplementation
increased the daily weight gain of neonates (Table 2) and
decreased the mortality caused by PCV2 infection (Fig. 2).
To understand the reason that arginine supplementation
decreased the abortion rate, we measured the hormone
levels which related with the pregnancy (progesterone and
estrogen).Further, the NO level in serum was also detected
to probe the arginine metabolism pathway in this special
environment. SOD activity and T-AOC were also
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123measured to check the redox status in the body. Proges-
terone in the arginine group increased signiﬁcantly
(P = 0.006) (Table 3) compared to the control, but argi-
nine supplementation had little effect on the estrogen level
(P = 0.167) (Table 3). Arginine supplementation had sig-
niﬁcant effect on the serum NO level as anticipated
(P = 0.043) (Table 3). As in previous reports, SOD
activity and T-AOC in the arginine groups were signiﬁ-
cantly higher than those of the control group (Table 4).
Discussion
The purpose of this paper was to test weather arginine
supplementation inversed the reproductive failure of mice
caused by PCV2 infection. The biggest problem when the
PCV2 infected the sows was the abortion. We found that
the abortion rate was nearly 28% and the survival rate of











0.6% Arg 1.22% Ala
Fig. 2 The survival rate of neonates in the arginine group and the
control group; 0.6% Arg means 0.6% arginine ? gestation diet;
1.22% Ala means 1.22% alanine ? gestation diet. Sixty mice in the
arginine group and 66 mice in the control group. All the mice were
born from female mice infected with PCV2 after 7 days of pregnancy.
PCV2 porcine circovirus type 2
Table 1 Amino acid content in gestation measured by automatic
amino acids analyzer


























0.6% Arg 1.22% Ala
Fig. 1 The abortion rate in the arginine group and control group;
0.6% Arg means 0.6% arginine ? gestation diet. 1.22% Ala means
1.22% alanine ? gestation. Thirteen mice in the arginine group and
12 in the control group
Table 2 Effect of dietary arginine supplementation on the repro-
ductive performance of mice infected with PCV2
Catalog 0.6% Arg 1.22% Ala P value
Litter number








0.37 ± 0.04 0.31 ± 0.06 0.06
Data shown are least square means (LSM) ± SEM
0.6% Arg means 0.6% arginine ? gestation diet; 1.22% Ala means
1.22% alanine ? gestation
PCV2 porcine circovirus type 2
a 13 female mice in the arginine group and 12 female mice in the
arginine group
b The mice were born by the mice infected with PCV2 after 7 days of
pregnancy, respectively
c 60 mice in the arginine group and 66 mice in the control group
Table 3 Effect of dietary arginine supplementation on the preg-
nancy-related hormones and serum NO level of mice infected with
PCV2
Catalog 0.6% Arg 1.22% Ala P value N
Progesterone
(ng/ml)
412.97 ± 53.42** 164.18 ± 27.47** 0.006 6
Estrogen
(pg/ml)
7,023.8 ± 241.62 7779.7 ± 417.99 0.169 6
NO (l mol/L) 97.30 ± 10.41* 23.6442 ± 7.64* 0.043 6
Data shown are least square means (LSM) ± SEM
0.6% Arg means 0.6% arginine ? gestation diet; 1.22% Ala means 1.22%
alanine ? gestation
NO nitric oxygen
PCV2 porcine circovirus type 2
** P\0.01, * P\0.05
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Arginine was generally considered as a nonessential amino
acid, while, in situation of disease and infection, the pro-
duction of endogenous arginine was likely impaired and it
became a conditionally essential amino acid and could not
meet demand. However, arginine displayed versatility in
cell metabolism and physiology via itself or its metabolites
(including NO and polyamines) (Wu and Bazer 2009):
polyamines and NO were essential for placental growth and
angiogenesis and for increasing uterine and placental–fetal
blood ﬂow. Greenberg et al reported that fetal resorption,
intrauterine growth retardation, perinatal mortality and
number of fetal death were increased when pregnant rats
were fed arginine-free diets or on inhibiting NO synthesis
(Greenberg and Lancaster 1997).
In this study, arginine supplementation decreased the
abortion rate caused by PCV2 infection. In the control
group, the abortion rate (25%) which was less than in our
previous result may be due to the advantages of alanine.
However, the abortion rate decreased to 15.4% in the
arginine group. To understand this result from the view-
point of hormonal level, the serum progesterone and
estrogen were measured. In agreement with the macro-
scopical result, progesterone in the arginine group was
signiﬁcantly higher (P\0.01) than in the control group,
but arginine supplementation had little effect on the serum
estrogen level (P[0.05). The high level of progesterone
in the arginine group, a major hormone for establishment
and maintenance of pregnancy, insured the decreased
abortion rate (Bazer and Burghardt 2008). However, this
result was in disagreement with Li et al. (Li and Bazer
2010) who thought that dietary supplementation with 0.8%
arginine beginning on day 0 of gestation reduced the cir-
culating levels of progesterone in the maternal plasma.
This may be because the different animal model and
physiology environment changed the arginine metabolism
pathway. The litter number and litter birth weight in the
arginine group were a little higher than those of the control
group. These results were similar to previous reports that
dietary supplementation with arginine to gilts or rats
increased the live-born litter weight by 24 and 30%,
respectively (Mateo and Wu 2007; Zeng and Wang 2008);
the number of live-born piglets increased by two when fed
the arginine-supplemented diet (Mateo and Wu 2007).
However, in this study, the results of the litter number and
litter birth weight were not signiﬁcant as in previous
studies, mainly because of the disadvantages of PCV2
infection. Further, the neonates’ growth performance,
including daily weight gain and survival rate, was better in
the arginine group. The presumed main reason was that
dietary arginine supplementation enhanced the immune
response and clearance of PCV2. In addition, arginine
supplementation had various advantages on the mammary
gland (Lacasse and Farr 1996), including high arginine
concentration, which was essential to insure their healthy
growth (Kim and Wu 2004; Yao and Yin 2008).
T-AOC is an important integrative index used to reﬂect
the total antioxidant capacity of the body. SOD is an
important antioxidant enzyme that can decrease the
destruction of the superoxide radical by catalyzing dismu-
tation and H2O2 formation. So serum T-AOC and SOD
activities are important indicators of the redox status. In this
study, arginine supplementation increased T-AOC and SOD
activities signiﬁcantly (P\0.01). This result was in
agreement with the previous idea that arginine regulated
cellular redox status and played a role in oxidative defenses
(Fang and Yang 2002). One of the reasons was that arginine
could synthesize glutamine, creatine and glutamate via
arginase, which could upgrade glutathione synthesis in the
animal cell (Wu and Morris 1998) and perform anti-
oxidative function directly (Fang and Yang 2002). Oxidative
stress has been indicated as a causative factor in pregnancy-
related disorders, such as embryonic resorption, recurrent
pregnancylossandfetaldeath(GuptaandAgarwal2007).So,
high T-AOC and SOD activity was partially responsible for
the lower abortion in the arginine group.
There were multiple pathways for arginine degradation;
the main pathways were initiated by arginase or three
isoforms of nitric oxide synthase (Wu 2009). Research
found that 2% of metabolized arginine was utilized for
constitutive NO production in mammalian cells via nitric
oxide synthase (Li and Meininger 2001). NO played an
important role in physiology, because it was the major
endothelium-derived factor, a mediator of the immune
response, a neurotransmitter, a cytotoxic free radical and a
widespread signaling molecule (Ignarro and Cirino
1999).Furthermore, NO was an antimicrobial agent that
was effective against intracellular pathogens, extracellular
parasites and bacteria (Bermudez 1993; Pacelli and Wink
1995; Gobert and Daulouede 2000). In this study, the
serum NO level in the arginine group was signiﬁcantly
higher (P\0.05) than in the control group. This was in
Table 4 Effect of dietary arginine supplementation on the T-AOC
and SOD of mice infected with PCV2
Catalog 0.6% Arg 1.22% Ala P value N
T-AOC (U/ml) 32.35 ± 1.82** 19.03 ± 0.86** 0.003 6
SOD (U/ml) 108.55 ± 1.43** 58.90 ± 8.51** 0.004 6
Data shown are least square means (LSM) ± SEM
0.6% Arg means 0.6% arginine ? gestation diet; 1.22% Ala means
1.22% alanine ? gestation
PCV2 porcine circovirus type 2
SOD superoxide dismutase
T-AOC total antioxidant capacity
** P\0.01
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123agreement with other studies, which indicated that arginine
was the sole substrate for NO synthesis and dietary argi-
nine deﬁciency in young rats decreased the plasma con-
centrations of arginine and impaired NO synthesis (Wu and
Flynn 1999). This result also could explain the lower
abortion, and the higher litter number and litter birth
weight in the arginine group, because of advantages of
higher NO.
All arginine supplementation inversed partially the
reproductive failure in mice caused by PCV2 infection. The
probable reasons may be the following. First, arginine or its
metabolites as immunomodulator regulate the production
of antibody by B cell, expression of the T-cell receptor and
lymphocytes development (de Jonge and Kwikkers
2002).Large amount of evidences tested the immune
function of arginine: whether arginine supplementation
also increased peripheral lymphocyte mitogenesis in
response to phytohemagglutinin and concanavalin A in
humans (Barbul and Lazarou 1990). Dietary arginine sup-
plementation enhanced immune response in various mod-
els of immunological challenges (Li and Yin 2007).
Second, arginine plays an important role in protein syn-
thesis, urea cycle metabolism, synthesis of high-energy
compounds and creatine phosphate. Arginine also stimu-
lates the secretion of pancreatic hormones and anterior
pituitary hormones, thereby regulating the metabolism of
protein, amino acids, glucose and fatty acids. All these
mechanisms help the host to adjust itself to an optimal
status of defense against PCV2 infection.
However, the exact mechanism of arginine in PCV2
infection and the metabolism pathway involved in this
special environment need further research. These results
should be checked on pigs to measure the advantages of
arginine supplementation.
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